The Sudden Death in the Young (SDY) Case Registry, a prospective, population-based registry active in ten states, has developed tools to aid pathologists and death investigators in the evaluation and autopsy of unexplained, natural sudden deaths in the pediatric population. The tools were developed by a team of experts representing forensic pathology; pediatric-, cardiac-, and neuropathology; cardiology; neurology/epileptology; pediatrics; genetic counseling; and public health. These tools focus on collecting data relevant to determination of cause of death with a focus on dissection of the cardiovascular system. The tools provide an objective checklist format for ease of use and data extraction. By sharing the tools here and highlighting the examination of the cardiovascular system, the SDY Case Registry encourages a standardized approach to death investigation, autopsy, and data collection for sudden, unexpected deaths in the young towards a goal of informing prevention efforts. Acad Forensic Pathol. 2018 8(2): 347-391 
INTRODUCTION
The sudden death of a child is a devastating event that leaves family members, medical providers, and the community searching for answers. Some causes of sudden death in the young (SDY) are identifiable at autopsy (e.g., infections, motor vehicle accidents, suicide by hanging, or homicide by gunshot wound); but in many cases of sudden death that present to the medical examiner or coroner (ME/C), the history, autopsy, and death scene investigation do not reveal the cause of death (1) .
Some medical conditions associated with SDY may be inherited (e.g., long QT syndrome and hypertrophic cardiomyopathy), and surviving family members may not know that they or their other children are at risk. Identifying heritable causes of death in SDY cases is critical to initiate cascade screening of surviving family members and to facilitate access to therapies that may lower their risk of sudden death. In cases of SDY with no identifiable cause at autopsy, there is a critical knowledge gap concerning mechanisms, clinically identifiable features, and epidemiology, fueled partly by a lack of standardized procedures in the United States for investigating, classifying, and reporting SDY. Medical examiners, coroners, and death scene investigators are critical partners in the effort to gather high-quality information to address this knowledge gap and to improve the understanding of SDY.
Most sudden deaths in infancy or childhood will fall under the jurisdiction of ME/C because they occur suddenly, unexpectedly, and in a person in apparently good health. In most states, the determination of whether to perform an autopsy on an SDY case is left to the discretion of the ME/C. Only a small minority of states specifically require an autopsy by law as part of the investigation of SDY (2) . When an autopsy is performed, the extent of the autopsy and its ancillary testing may vary by jurisdiction (3, 4) . This variation may be due to funding, ME/C preferences, prior experience and training of the ME or coroner's pathologist performing the autopsy, and ME/C workload. Funding for autopsies and ME/C staffing is determined by state or county budgets that may have limited resources and many competing priorities. In addition, most states are currently experiencing an increase in deaths due to the opioid epidemic, resulting in a significant burden on the death investigation system that reduces the time and resources that ME/C can spend on the investigation of natural deaths. Despite limits on the time and budgets, many ME/C are dedicated to improving the understanding of these unexpected infant and child deaths.
To facilitate improved understanding of SDY and ultimately inform prevention efforts, the Sudden Death in the Young Case Registry created tools and guidance to encourage standardized, comprehensive autopsies and death scene investigations for SDY cases. The tools focus on important elements of the autopsy that are relevant to sudden, unexpected, natural deaths in infants, children, and adolescents. We share these tools herein and provide specific guidance on the performance of the cardiac examination, given the high incidence of cardiac causes of SDY in children over one year of age. We hope that these tools may be useful in the ME/C community and may promote more standardized approaches to characterizing, classifying, understanding, and ultimately preventing sudden, unexpected natural deaths in the young.
DISCUSSION

The Sudden Death in the Young (SDY) Case Registry
The SDY Case Registry is a collaborative effort between the National Institutes of Health (NIH), the Centers for Disease Control and Prevention (CDC), and the Michigan Public Health Institute (MPHI) to address the knowledge gaps in the epidemiology and causes of SDY in the United States (5). The SDY Case Registry includes infants and children from birth through 19 years of age in seven states and specific regions of three additional states. These selected jurisdictions cover 24% of the pediatric population in the United States and approximately 20% of SDY. The SDY Case Registry is one of the largest prospective, population-based cohorts to date of children who have died suddenly in the United States.
METHODS AND PROCEDURES
The goals of the SDY Case Registry are to: 1) determine the incidence of SDY using population-based surveillance in a large cohort in the United States; 2) compile data from SDY cases to create a resource of phenotypic and genotypic information for research; 3) encourage standardized approaches to investigation, autopsy, and categorization of SDY cases; 4) develop partnerships between local, state, and federal stakeholders towards the common goal of understanding and preventing SDY; and 5) support families who have lost loved ones to SDY by providing resources for bereavement and medical evaluation of surviving family members. Figure 1 illustrates the flow of cases through the SDY Case Registry. Sudden deaths in infants and children are identified through ME/C offices, where the inclusion and exclusion criteria are applied. Since the SDY Case Registry is population-based, the decedent must have been a resident of the participating jurisdiction or state to be eligible. The registry does not discriminate between witnessed and unwitnessed deaths. Inclusion criteria include: sudden and unexpected death; age less than 20 years; death not explained by a homicide, suicide, drug overdose, or terminal illness; and death due to injury when there may have been an inciting natural cause (e.g., drowning or death of the driver in a motor vehicle accident, which may have been triggered by an underlying cardiac or neurological condition). "Sudden" is defined as death within 24 hours of the first symptom, or death under medical care after resuscitation from an out-of-hospital cardiac arrest. Although some studies define the window of sudden death as one hour from symptom onset, the SDY Case Registry uses a window of 24 hours due to the high number of infant and childhood deaths that occur during sleep. Comorbid conditions with unrelated symptoms that might overlap this window are expected to have a low incidence, simply because sudden childhood deaths after infancy are so rare. "Unexpected" is defined as the death of an infant or child who was in good health, had either a stable, chronic condition, or had an acute illness that would not be expected to cause death.
Once included, each case is reviewed by a local or statewide child death review team (6), followed by an advanced review by a team of local clinical experts that also categorizes the case using a standardized algorithm to enable an SDY incidence rate to be calculated (5) . Review teams are composed of experts in forensic pathology, cardiology, neurology/epileptology, pediatrics, genetic counseling, and public health, among other subject matter experts.
Use of the SDY Case Registry tools for death scene investigation and autopsy is encouraged to promote standardization, as well as to offer the chance of obtaining wide-ranging investigative and autopsy information. During the autopsy, pathologists collect samples of blood and tissue for DNA extraction. Blood in an EDTA tube is the preferred sample type, but For all SDY cases, next of kin consent is sought for diagnostic genetic testing, future research studies that may or may not involve genetic testing, DNA banking, and return of genetic results. Although consent is not required for diagnostic genetic testing, the SDY Case Registry sought advice from ethicists and opted to obtain consent for diagnostic genetic testing as part of a menu of options due to the implications the results may have for the family (7).
The DNA may be used for genetic research by NIH-funded investigators focused on determining the causes of SDY as well as via diagnostic genetic testing. Invitae, a genetic testing company, has partnered with the MPHI and the Biorepository to offer in-kind (donated) diagnostic genetic testing to 900 cases in the SDY Case Registry over a three-year period. Genetic testing is offered on autopsy-negative cases as well as cases suggestive of cardiomyopathy using a panel of arrhythmia and cardiomyopathy genes. Such testing may provide additional information that may aid the ME/C in determining the cause of death and inform the approach to cascade screening of surviving family members. Access to such postmortem genetic testing for the ME/C community has previously been limited due to cost.
Tools to Assist With Autopsy and Death Scene Investigation of SDY
The SDY Case Registry sought guidance from an autopsy protocol task force comprised of ME/C; death investigators; pediatric-, cardiac-, and neuropathologists; genetic counselors; emergency room physicians; and public health experts (Appendix 1). After reviewing existing autopsy protocols for SDY from Australia (8), Ireland (9), Canada (10) , and the United Kingdom (11), the task force developed a standardized, comprehensive recommended approach to an SDY Case Registry autopsy and a protocol for sample collection for research and diagnostic genetic testing and DNA banking. The task force also developed tools to facilitate a standardized approach to death investigation. Materials and resources have been created by currently funded SDY states and the SDY technical assistance team for family referral for medical screening and genetic counseling for SDY cases (Appendix 2 and 3).
The SDY Field Investigation Guide and Family Interview Summary Sheet
The SDY Field Investigation Guide and Family Interview Tool (Appendix 4) was designed for death scene investigators and includes a series of questions, in both checklist and narrative formats, for the family and medical providers to obtain a comprehensive review of the history and circumstances surrounding the child's death. The tool begins with a list of suggested records to collect on the decedent before fatality review, and goes on to include questions ranging from general information about the family to specific information about the events leading up to the child's death. Although experienced investigators will ask many of these questions without the guide, the tool provides a helpful reminder of a comprehensive list of questions about triggers prior to death, symptoms within 24 and 72 hours of death, family history of sudden death, and clues that may help the pathologist identify genetic syndromes. Because the guide offers a standardized list of questions, the same comprehensive review can be performed for every SDY case.
The SDY Case Registry Autopsy Guidance and Summary Tools
The SDY Case Registry autopsy guidance tools focus on medical conditions and other anatomic findings that may be associated with SDY. They include a recommended comprehensive cardiovascular examination due to the high incidence of cardiac causes of SDY in children over age one. The tools are in checklist format to enable rapid and easy use by patholo-
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gists. The checklist format also discourages narrative description to facilitate categorization of the cases and easier data mining.
The autopsy guidance tools are available in two forms: 1) the guidance tool and 2) the summary tool. The SDY Autopsy Guidance (Appendix 5) is 20 pages long, and although it is less practical for everyday use in the field, it is a valuable resource outlining the elements of a comprehensive SDY-related autopsy. Although the autopsy guidance form may seem at first glance to be time consuming because of its length, with its checklist format and repeated use, it becomes a rapid and easy form to fill out. The SDY Autopsy Summary (Appendix 6) is a checklist that is used to guide the pathologist in participating jurisdictions to the critical information that needs to be collected from the SDY Case Registry autopsy. The autopsy summary tool offers the forensic pathologist the chance to ask questions deemed important to the pediatric SDY autopsy by experts on the task force with additional training in several tissue and organ systems.
Many individual ME/C offices have their own existing forms for autopsies, and some offices participating in the SDY Case Registry have added questions from the SDY tools into their own forms. Integration of the SDY Autopsy Summary questions into an existing pediatric autopsy protocol may improve data collection on all pediatric cases for a given office, but states and jurisdictions participating in the SDY Case Registry are strongly encouraged to use the guidance and summary tools to improve data quality for the Registry. After becoming familiar with the tools, pathologists may incorporate elements of the SDY Case Registry summary tool into their routine practice and it may become easier to judge when an organ or system deserves additional expert consultation.
Recommended Practices for SDY Case Registry Autopsies
The following paragraphs describe the recommended practice by the SDY Case Registry to perform a comprehensive autopsy on cases of sudden, unexpected, natural death of a child. This section pays particular attention to the cardiac examination, given the importance of cardiac causes in such deaths of children, especially over age one. This guidance also highlights some subtle features that deserve specific attention in such cases, and that may help to identify heritable diagnoses with implications for surviving family members.
The SDY Case Registry autopsy tools recommend a complete autopsy. Limited autopsy runs the risk of failing to detect information that may be critical to determining the cause and manner of death, as well as data that may be valuable for research.
After recording basic demographic and identifying information, record the sex, weight, body length, and a general description of body habitus and development. In children three years of age and under, record the head circumference. Use standardized growth charts to plot the anthropometric data and compare it to antemortem measurements, if any are available. These are used to provide a quick glimpse into the child's physical development and to identify a child whose development has been impaired by genetic or acquired chronic illnesses, abuse, neglect, or poor nutrition. The external examination includes the usual descriptions of scars, birthmarks, trauma, medical interventions, and physical stigmata of diseases and syndromes. Significant findings are often most effectively captured with photography as well as narrative; this may include pertinent negative findings.
Radiography is an important adjunct to the autopsy investigation of sudden death. Whole body radiography (so-called "babygrams") may be useful in demonstrating skeletal dysplasias, syndromes, and metabolic disorders (12), but they are technically inadequate for the demonstration of metaphyseal fractures (13) . For this reason, a skeletal survey is recommended as part of the postmortem evaluation of infants and small children in cases suspicious for fatal abuse (14) . Since the full circumstances of the child's death may not be known before the autopsy is performed, consideration should be given to performing a skeletal survey in all cases of sudden, unexplained death in infants and young children (13) . In older children, in addition 
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to the demonstration of fractures, plain-film radiography of the chest can be useful in individual cases for demonstration of gas embolism, pneumothorax, and pneumomediastinum (15) .
There has been much interest in the use of computed tomography (CT) and magnetic resonance imaging (MRI) as an adjunct to or replacement for autopsy, particularly in the setting of trauma. Few studies have been done on the use of so-called "virtual autopsy" specifically in cases of sudden unexplained deaths in infants and small children (16, 17) . These studies did not demonstrate an ability to diagnose specific nontraumatic cardiovascular disease, aside from the presence of cardiac hypertrophy. This is inadequate, since a full understanding of the causes of SDY is needed, both in individual cases and across the population. In addition to the limited access most ME/C have to these expensive imaging modalities, interpretation by a radiologist who is experienced in interpreting postmortem CT/MRI images is required, as postmortem changes may produce artifacts that can mask or simulate pathology (18, 19) . Thus, at present, postmortem CT/MRI imaging may be a useful adjunct to the autopsy evaluation of SDY, but should not replace it.
The SDY Case Registry autopsy guidance prompts careful examination of a variety of causes of SDY, including pulmonary etiologies (e.g., embolism, hypertension, pneumothorax), gastrointestinal catastrophe (e.g., volvulus, obstruction, intussusception), infection (e.g.,meningitis, myocarditis, sepsis), and neurologic abnormalities (e.g., stroke, hemorrhage, herniation), among others. The SDY Case Registry encourages consultation with experts with additional training in pediatric-, cardiac-, and neuropathology, when feasible, to help identify subtle features of underlying disease.
Cardiovascular Examination
Detailed guides to the examination of the heart have been published elsewhere (20, 21) . The following is intended to provide guidance that will suit the examination of most cases of SDY. However, in cases with complex pathology, especially cases involving congenital heart disease or implanted cardiac devices, consultation with a cardiovascular pathologist is strongly recommended.
Prior to removal of the heart, the pericardium should be assessed for exudates, thickening, or calcification and any effusion or hemorrhage in the pericardial space should be noted and measured. The position and apical direction of the heart should then be documented. The heart may then be removed separately or in a block with the other thoracic organs. En bloc removal is particularly suited to situations in which congenital heart disease is suspected, as it facilitates examination of the arterial and venous connections of the heart, and for disorders involving the proximal portions of the aorta, such as aortic dissection.
After the removal of extraneous extra-cardiac soft tissue, the heart should be weighed. If, during subsequent dissection, it is found that the cardiac chambers contain abundant clotted blood, it is recommended that the heart be re-weighed after dissection and removal of the blood clots.
Prior to opening the heart, the epicardial arteries should then be evaluated by serial sectioning beginning near the aortic root and extending distally for as far as a distinct lumen can be identified. In older children and adolescents, the distance between sections should not exceed 5 mm. In addition, care should be taken not to cut into the ascending aorta and thus disrupt the coronary ostia. Coronary dominance should be noted by determining whether the posterior descending artery arises from the right coronary artery, left circumflex coronary artery, or both. While routine microscopic examination of the coronary arteries is not necessary in most SDY cases, any grossly-observed abnormalities should be submitted for histology.
Multiple specialized methods of cardiac dissection, including methods that reproduce standard echocardiographic views, have been described. However, for most SDY cases, the heart is best examined using the inflow-outflow method (i.e., cutting along the flow of blood), with or without first sectioning the heart along its short axis. 
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Serial short-axis sections expose the greatest surface area of myocardium and facilitate measurement of the ventricular chambers and walls. It is, therefore, the preferred method for demonstrating myocardial pathology that can result in changes in myocardial color or texture (e.g., infarction, fibrosis, myocarditis), ventricular wall thickness, and chamber size. However, there are circumstances in which it may be desirable to skip short-axis sectioning. This is true of cases of known or suspected congenital heart disease, especially where examination of the muscular ventricular septum for defects is desired (such as a child who was known to have an uninvestigated cardiac murmur during life). Short-axis sections also may be unnecessarily difficult to perform when examining very small hearts, such as those of infants. In these cases, it is reasonable simply to proceed with opening the heart along the flow of blood as described below. When performed, short-axis sections should be made parallel to the base of the heart, visibly identifiable as the atrioventricular groove, beginning just above the apex and continuing superiorly until just below the tips of the left ventricular papillary muscles. These short-axis slices should be no more than about 10 mm in thickness, and will necessarily be much thinner in smaller hearts.
Sectioning the heart along the flow of blood (the socalled "inflow-outflow" method) begins with opening the right atrium from the inferior vena cava orifice to the tip of the right atrial appendage. This permits inspection of the entire right atrium, the atrial septum, and the tricuspid valve. It is not recommended that a further cut be made connecting the inferior and superior vena cavae, since such a cut will pass through the terminal crest of the right atrium, disrupting the sinoatrial node and SA nodal artery and making histologic examination of this portion of the conduction system difficult or impossible in cases where such an examination might be desirable.
The second cut is made through the posterior wall of the right ventricle, just lateral to the septum. This permits examination of the tricuspid valve and the endocardial surface of the right ventricle.
The third cut extends along the anterior wall of the right ventricle and right ventricular outflow tract through the pulmonic valve. This cut affords a view of the outflow portion of the right ventricle and the band of myocardium (the parietal band) that separates the tricuspid and pulmonic valves. The presence of the parietal band confirms that the morphologic right ventricle is correctly sided The parietal band will be absent in congenital conditions in which the right-sided ventricle is a morphologic left ventricle (e.g., congenitally-corrected transposition of the great arteries).
The fourth cut connects the pulmonary vein orifices, with an additional cut out to the tip of the left atrial appendage. This permits a view of the interior of the left atrium, the left side of the atrial septum, and the mitral valve. This is an ideal time to inspect the atrial septum for septal defects and to determine if there is a patent foramen ovale. This is also an ideal time to confirm that the heart is demonstrating normal sidedness, which is defined by the morphology of the atria. A morphologic right atrium will have a smooth posterior portion (derived from the sinus venosus) and pectinate muscle in its anterior portion and appendage (derived from the embryologic atrium). The smooth and pectinated parts of the right atrium meet at a ridge of muscle (the terminal crest). In contrast, a morphologic left atrium is entirely smooth-walled (being derived from the confluence of pulmonary veins) except for the appendage, which has pectinate muscles. In normal sidedness (situs solitus), the right-and left-sided atria will have the appropriate morphologic features described above. In a mirror-image heart (situs inversus), the right-sided atrium will have a left atrial morphology and the left-sided atrium will have right atrial morphology. In heterotaxy syndromes (situs ambiguus), both atria may have right atrial morphology (right isomerism, asplenia syndrome) or left atrial morphology (left isomerism, polysplenia syndrome), or one or both atria may have indeterminate morphology. Disorders of cardiac sidedness are typically associated with not only congenital heart disease but also abnormalities in multiple other organ systems. Consultation with a pediatric pathologist or cardiac pathologist is crucial in such cases.
The fifth cut is along the lateral wall of the left ventricle, through the mitral valve, to expose the left ventricular endocardial surface, the mitral valve, and its chordae tendineae and papillary muscles.
The sixth and final cut is along the anterior wall of the left ventricle, turning slightly rightward at the left ventricular outlet to match the direction of takeoff of the ascending aorta. In a properly-sided morphologic left ventricle, it will be apparent at this point that there is direct continuity between the atrioventricular (mitral) valve and the semilunar (aortic) valve, contrasted with the morphologic right ventricle in which these structures are separated by the parietal band. This final cut also affords the ideal opportunity to look for defects in the ventricular septum and to assess the positioning of the coronary ostia.
Properly located coronary ostia will be at, or just below, the sinotubular junction in roughly the midportions of the left and right sinuses of Valsalva. Minor variations of positioning of the ostia are common, as is the co-location of a second small ostium immediately next to that of the right coronary artery (the conus artery which, when not arising from the right sinus, arises as the first branch of the right coronary artery). When major anomalies of the coronary arteries occur, the exact position of the anomalous ostium should be described, along with a statement of the angle at which the artery arises relative to the aortic wall and, if takeoff is at an acute angle, whether or not this results in the presence of an intimal flap that can potentially occlude the ostium. A very acute angle of origin, sometimes nearly parallel to the aortic wall, and an occlusive intimal flap are commonly seen in cases of sudden death caused by anomalous coronary arteries.
Cardiac measurements are useful for detecting and documenting the presence of cardiac pathology. It is therefore recommended in SDY cases that heart weight and ventricular wall thicknesses be routinely collected. Historically, valve circumferences have also been taken but their utility to diagnose pathology has not been proven. Data collected from the SDY Case Registry will be examined to better understand the utility of valve measurements and thus, taking such measurements could be useful for contributing to a dataset.
Heart weight is the most important of these measurements, as it directly reflects the presence and degree of myocardial loss (atrophy) or excess (hypertrophy). In order to facilitate comparison with published normal heart weights, the heart should only be weighed after the removal of extraneous extracardiac tissue and intracavitary blood clots. As is true with the examination of adult hearts, the hearts of post-pubertal teenagers can reasonably be weighed to the nearest 5 or 10 grams, while the hearts of younger children are best weighed to the nearest gram and those of infants and toddlers to the nearest one-tenth of a gram.
The thicknesses of the left and right ventricular free walls and ventricular septum should be measured at the level of the tips of the left ventricular papillary muscles (20) . These measurements should take into account only the compact myocardium and should not include the trabecular muscle or the epicardial fat. In the right ventricle, it is not uncommon for the inferior (posterior) wall to be slightly thicker than that anterior wall, in which case it is recommended that the greater thickness be recorded.
The circumferences of the atrioventricular and semilunar valves could be useful for demonstrating the presence and degree of annular dilation, which can result in regurgitation and stenosis. The recommended method is to use a piece of string or other flexible material that can conform to the curved contours of the valve annulus. The string can then be laid out flat on a ruler to get an accurate measure of the circumference.
These cardiac measurements must be compared with tables of normal values that take into account age, sex, and body size. Body size is typically represented by body weight. However, for situations in which the decedent is very obese or where the body weight has been artifactually reduced (such as after organ and tissue donation) or increased (such as in decedents with anasarca), comparison with normal ranges based on body length is more appropriate (20) . Many such 
reference tables exist. This author (SG) prefers those from the Mayo Clinic (22) , which contains reference ranges for heart weight, wall thickness, and valve circumference for individuals from birth to 19 years old.
The measurements must be interpreted in light of one another and the gross morphology of the heart. For example, a heart may have a left ventricular wall thickness in the published normal range. One might be tempted to interpret this as an absence of left ventricular hypertrophy. However, if the heart weight is significantly increased, a normal LV thickness implies that the left ventricle is both hypertrophied and dilated (the law of Laplace dictates that the wall will thin as the cavity dilates), which should be apparent in the gross appearance of the left ventricle and an increased circumference of the mitral valve.
The presence of structural congenital heart disease may be encountered at autopsy in approximately 1% of the population. Although there is a reported association between sudden death and some more complex forms of congenital heart disease (such as tetralogy of Fallot, transposition of the great arteries, and single ventricle anomalies), many types of congenital heart disease do not typically cause sudden death, and caution should be exercised in attributing cause of death to congenital heart disease in all cases if discovered at autopsy.
Call To Action
Feedback is welcome from the ME/C community on the value and utility of these autopsy and death scene investigation tools. ME/C are encouraged to use these tools and approaches in their routine practice to help improve standardization of investigation and characterization of SDY cases. All tools are available for download from the SDY Case Registry website: www.sdyregistry.org (23) . Medical examiners and coroners are also encouraged to participate in child death reviews and/or advanced reviews for SDY Case Registry states/jurisdictions to help improve case review and categorization.
CONCLUSION
The SDY Case Registry tools and guidance documents promote standardization of death investigation and autopsy practices in funded jurisdictions. After informed consent from the next of kin, the SDY Case Registry permits collection of comprehensive information from investigation and autopsy as well as samples for DNA extraction that may inform the cause of death determination, guide cascade screening for families, and create a resource for research. We encourage use of the tools and guidance described herein to foster unified approaches to improving the understanding of sudden, unexpected natural deaths in the young and lead us towards more targeted approaches to prevention.
